Background: The beneficial impact of the traditional Mediterranean diet pattern on adiposity is still under debate, and this has never been assessed in a developing Mediterranean country. Objectives: To assess the relationships between adherence to a traditional Mediterranean diet and adiposity indexes, that is, body mass index (BMI) and waist circumference (WC), in a sample from rural Lebanon. Design: A sample of 798 adults, aged 40-60 years, was selected in continental rural areas of Lebanon for a cross-sectional study. The questionnaire included socio-demographic, anthropometric and dietary sections. The daily consumption frequencies of selected food groups, categorized as positive or negative components, were calculated based on a food frequency questionnaire. Adherence to the Mediterranean diet was assessed using six a priori scores; including the widely used Mediterranean diet score (MDS). Associations between diet scores and BMI and WC were assessed. Results: Overall, the diet of the study sample only partially matched the traditional Mediterranean diet. A total of 17.0% of men and 33.7% women were obese. The MDS was negatively associated (Po0.05) with WC, but not BMI, in men and women. The constructed composite Mediterranean score combining positive components of the diet (whole cereals, vegetables, legumes and fruit, olive oil and fish) and negative components adapted to this sample (refined cereals and pastries, and liquid sweets) was consistently and negatively associated with both BMI and WC for men and women in multivariate models. A 2-point increase in that score was associated with a decrease in BMI of 0.51 and 0.78 kg m -2 and a decrease in WC of 2.77 and 4.76 cm in men and women, respectively.
Introduction
Today, more than 1.1 billion adults are overweight and 312 million are obese. 1 Although the increased health burden due to excess adiposity is well-known in industrialized countries, over the past 20 years it is noteworthy that the prevalence of obesity has tripled in more westernized developing countries, where there has been a marked increase in cheap energy-dense food and gradual decline in physical activity. The Middle East, in particular, is facing the greatest threat in terms of the escalating obesity epidemic. 1 Adults in Mediterranean countries are at high risk of obesity, especially in southern European countries (median ¼ 23.7%), as reported in a meta-analysis on obesity in the Mediterranean region. 2 The high prevalence of adult obesity in southern Europe has more recently been confirmed by the EPIC study; among countries participating in this study, Greece and Spain had the highest mean body mass index (BMI) and waist circumference (WC). 3 During the last several decades, the food habits in Mediterranean countries have largely evolved from a plant-based diet to an animal-based one, 4 indicating a westernization of food habits and a move away from a traditional Mediterranean diet. 5, 6 Given its reported overall protective effect on health outcomes, 7, 8 the decreased adherence to a Mediterranean diet is expected to have detrimental health effects for Mediterranean populations. Following a traditional Mediterranean diet might be associated with a lower risk of adiposity. A recent review of the topic 9 reported a trend toward a beneficial effect of the Mediterranean diet on obesity. Whereas some studies found no such relationships, 10, 11 other observational studies in industrialized countries suggested a protective effect of the Mediterranean diet on obesity, 12, 13 abdominal fat 3, 14 and weight gain. 15, 16 In Lebanon, a middle-income developing country of the Eastern Mediterranean basin, the prevalence of overweight and obesity has attained alarming rates in children, 17, 18 adolescents 19 and adults, 17 largely in urban areas. These high rates may be the consequence of important changes associated with both reduced physical activity of modern lifestyles 20 and eating habits characterized by energy dense diets that are low in fiber, fruit and vegetables, and high in fats and sugars. 21 Although the above changes are apparent mainly in urban settings, rural areas around Lebanon also appear to be experiencing a nutrition transition. 22 Using data from a recent survey conducted in interior areas of Lebanon, 22 we aimed to test the hypothesis that adherence to a traditional Mediterranean diet is associated with lower adiposity in people living in rural areas of Lebanon. Subjects' adherence to the traditional Mediterranean diet pattern was assessed by predefined diet quality scores. 23 We tested the widely used Mediterranean diet score (MDS) as defined by Trichopoulou et al. 24 (with some modifications) and a more adapted composite Mediterranean (MED) score taking into account the specific food habits of individuals in the sample. Moreover, and similar to a recent study conducted in Greece on mortality, 25 the study investigated the relative importance of the individual food components of the Mediterranean diet on adiposity. More specifically, the relative impact of a priori positive or negative components of the diet was investigated by developing four partial scores. We examined the associations of these six diet scores with adiposity markers, namely BMI and WC.
Methods

Study sample
Data were available from a survey conducted during the period from June to August 2005 in a sample of 798 adults, aged 40-60 years, in selected rural areas of the Bekaa and Mount Lebanon. 22 The sample was selected randomly using municipal lists in three villages; the participation rate was above 85%. The sample is representative of the population in three non-coastal villages at varying levels of economic development in the country with a voluntary bias toward more traditional and poorer sections of the Lebanese population. The sample was not representative of the Lebanese population at large, because the project was concentrated in rural areas. 22 After excluding outliers, data from 787 participants (48% women; 52% men) were available for analysis. Ethical approval was obtained from the American University of Beirut Institutional Review Board. The questionnaire used was divided into socio-demographic, anthropometric and dietary sections.
Socio-demographic and behavioral variables
In the socio-demographic section, questions about age, occupation, education level, smoking, level of sedentary occupation and physical activity were included. Age was considered to be a linear variable. Income per person was divided into three categories (according to tertiles) and was calculated by dividing household income by the number of persons in the household. Education level was divided into four categories. The study sample was divided into smokers, previous smokers and non-smokers. Hours of sedentary occupation was calculated by adding up hours spent in front of the television and personal computer. Frequency and duration of occupational and leisure time physical activities were also assessed in the questionnaire after validation in a previous study. 26 Time spent (less than 30 min, 30-60 min, 1-1.5 h and more than 1.5 h) on each activity (walking/hiking, jogging/running, housework, gardening/farm work, group sports/football/basketball, individual exercise) was multiplied by the MET value 27 (that is, metabolic equivalent of task) of the activity. The resulting MET-min products were summed to produce an index of daily physical activity, expressing the amount of energy per kg body weight expended during the week.
28
Anthropometrics Anthropometrics included weight (in kg), height (in m) and waist circumference (in cm). Body weight, height and WC were measured by trained interviewers according to the procedures described by Lee & Nieman. 29 The BMI (kg m -2 ) was calculated by dividing weight in kilograms by height in meters squared. WC was measured by placing a measuring tape around the abdomen. 29 ). WC was categorized into two classes; lower risk of metabolic diseases (WCp102 cm for men, WCp88 cm for women) and higher risk of metabolic diseases (WC4102 cm for men, WC488 cm for women) according to gender. 29 
Dietary data
The dietary evaluation included a non-quantitative Food Frequency Questionnaire (FFQ) and a 24-h recall. Both questionnaires were administered face-to-face by trained individuals under the supervision of a dietitian field coordinator. The FFQ contained 78 items aggregated into 11 food groups. All participants were questioned about usual frequency of intake for different food items during the last year and were asked to report the frequency of these intakes in terms of day, week, month or year. The frequency of daily consumption (FDC) of each food item was then calculated by occasions/day. The sum of the FDC of all food items belonging to the same food group was calculated. Distributions of food group FDC were obtained as well as the corresponding FDC medians. No significantly different figures were observed between genders. The 24-h recalls were used to further confirm the exceptionally high or low FDC found for some food groups in the FFQs.
Diet scores
Six different diet scores (Table 1) , based on food groups were derived from the FFQ, namely MDS, positive MDS, negative MDS, positive MED, negative MED and composite MED. This corresponded with the logic behind previous scoring strategies used for the traditional Mediterranean diet. 31 The MDS was based on the previously described and widely used Mediterranean diet score. 24 This MDS, which includes a priori positive and negative components was first calculated. This score was further decomposed into the positive MDS and negative MDS scores to separately identify the specific roles of its positive and negative components. To take into account the specific food intakes within the sample (further confirmed by the 24-h recalls) more effectively, 5 and to comply with the traditional Mediterranean diet, refined cereals and pastries were removed from the positive MDS to obtain the positive MED score. Wholemeal cereals were included as a separate component of the positive MED score along with the other positive components included in the MDS. In addition, foods with a low nutrient density (that is, refined cereals and pastries, and liquid sweets including sugar-sweetened tea and coffee) were included in the negative MED score. Combination of the positive MED and negative MED scores components resulted in a composite MED score better reflecting the dietary habits of our study sample. The MDS calculated in this study underwent some modifications compared to the Mediterranean diet score initially developed by Trichopoulou et al. 24 First, because the FFQ used in this study was non-quantitative, the MDS was based on medians of frequency of daily intake (FDC) instead of median intake in grams. Second, nuts were not included in the MDS because they were most often consumed salted and oil roasted in the study sample (further confirmed by the 24-h recalls). Third, for fat intake, we used the ratio of olive oil to saturated fat sources (butter þ Ghee þ coconut margarine) instead of monounsaturated lipids to saturated lipids. Finally, ethanol consumption was not accounted for in this study as it is believed that alcohol would be, if consumed, largely underreported because of religious prohibitions against consumption. Mediterranean diet and adiposity C Issa et al As previously described, 24 people who consumed less than the median of beneficial components (total cereals, whole grains, fruit, vegetables, legumes, fish and seafoods, olive oil/ saturated fats ratio) were assigned a value of 0, and people who consumed at or above the median were assigned a value of 1. For components presumed to be detrimental (meat and poultry, dairy products, which are rarely non-fat or low-fat in our sample, and liquid sweets), an inverse score was assigned. People who consumed below the median were assigned a value of 1, and people who consumed at or above the median were assigned a value of 0. Refined cereals and pastries were considered beneficial in the MDS (as a component of the cereal group), but detrimental in the negative MED and composite MED scores. Thus, the MDS and the newly constructed composite MED score ranged from 0 (minimal adherence to the traditional Mediterranean diet) to 8 (maximal adherence) ( Table 1 ). The positive MDS and positive MED scores ranged from 0 to 6 whereas the negative MDS and negative MED scores ranged from 0 to 2. For food groups included in the positive scores, a high score reflected a high frequency of intake. Inversely, for food groups included in the negative scores, a higher score reflected a low frequency of intake.
Statistical analysis
Completed questionnaires were entered and analyzed in SPSS (version 12, Chicago, IL, USA), and used for statistical analysis. All continuous variables were tested for normality. Univariate and multivariate linear regressions were performed with BMI and WC as dependent variables and the six different scores as independent variables in separate models. The analyses were stratified by gender. In multivariate analysis, age, education level, income per person, smoking, television and personal computer hours and MET-min/week were entered as potential confounding variables. A P-value of less than 0.05 was considered significant.
Results
The baseline characteristics of the study sample are presented in Table 2 for the whole sample (n ¼ 787) and separately for men and women. The study sample ranged in age between 40 and 60 years, with a mean age of 49.4 for men and 46.9 for women. A total of 17.0% men and 33.7% women were obese (that is, BMIX30 kg m -2 ) while 26.5% men and 67.4% women had an abnormally high WC. More than half of the sample (54.2%) had elementary education and only 10.3% of men and 4.9% of women had college education. Almost two-thirds of the sample had a monthly income lower than 200 000 L.P (that is, 130 US dollars). There was a higher proportion of men (46.5%) than women (21.9%) who smoked, and a higher proportion of men (21.7%) than women (13.7%) who spent more than 2 h per day watching television and/or using a personal computer.
The median MET-min/week was 892 for men and 1837 for women. Table 1 shows the partial score points attributed to the different food groups based on the FDC. The FDC of all food groups (except for whole cereals that showed four peaks) followed a normal distribution (data not shown) in the study sample. Table 1 also shows the median values of the FDC of the 11 food groups included in the six different score versions. In the study sample, refined cereals and pastries, fruit, vegetables, dairy products and liquid sweets were consumed more than one time per day (median FDCX1) whereas the consumption of wholemeal cereals, legumes, fish and sea foods, red meat and poultry was lower. The median FDC of olive oil was 0.43 and the ratio of olive oil/saturated fat was 1.0. Inter-quartile ratio.
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Associations between the six different scores and the dependent variables (BMI and WC) are presented for men and women separately ( Table 3 ). The tested hypothesis was the inverse association between each score and adiposity markers. In the univariate analysis, no associations were found between the MDS score and BMI in the two genders. The MDS score was negatively and significantly associated with WC in women only. The same pattern was observed with the partial positive MDS, but no significant association was found for BMI, or WC and the partial negative MDS in both genders. Significant inverse associations were found between the composite MED score and BMI in both men and women as well as with WC in men and women. The same associations were found with the negative MED score in both genders, whereas the positive MED score was negatively associated with BMI in women and with WC in both genders (borderline P-value for men).
The above described univariate associations between each of the six scores and BMI or WC generally persisted after adjustments were made for confounding variables (that is, age, education level, income, smoking, sedentary occupation and physical activity) in multivariate analysis (Table 3 ). The MDS was not significantly associated with BMI in the two genders, but was negatively associated with WC in both men (P ¼ 0.018) and women (P ¼ 0.001). These associations with WC were also found with the positive MDS, but not with the negative MDS. The composite MED score was negatively and consistently associated with BMI (P ¼ 0.014) and with WC (Pp0.001) in both men and women. Similar significant associations were found with the negative MED score (all Pp0.001) and the positive MED score with WC in both men (P ¼ 0.011) and women (Po0.001).
In the case of the composite MED score, the only other statistically significant variables, in addition to the score, were: income for WC in men (positive relation, P ¼ 0.003), income for BMI in men (positive relation, P ¼ 0.029) and education for BMI in women (negative relation, P ¼ 0.027) (data not shown).
As presented in Table 3 , the data demonstrates that a 2-point increase (over a total of eight) in the composite MED score was associated with a decrease in BMI of 0.510 kg m -2 in men and 0.784 kg m -2 in women. Moreover, a 2-point increase in the composite MED score was found to be associated with a decrease in WC of 2.77 cm in men and 4.76 cm in women.
Discussion
In this study, we questioned the possible association between adherence to a traditional Mediterranean diet and adiposity in a sample of adults in rural Lebanon. A high prevalence of obesity and a low adherence to a Mediterranean diet pattern were observed in the study sample even though it was a sample of a rural, poor and aged population. By using the well-known MDS as a reference, 24 or constructing various scores tailored to this sample, we found that the relationship between diet and adiposity was more effectively shown using the composite MED score, combining positive components of the diet with the most relevant negative components to this sample. Moreover, the partial negative MED score, and to a lesser degree, the partial positive MED score showed consistent associations. Adherence to the Mediterranean dietary pattern was negatively associated with BMI and WC in both men and women. This was not found with the negative MDS or observed with WC alone with the positive MDS and the MDS (used with some modifications imposed by the study sample and study design). The Lebanese rural sample studied had overall low income, limited academic education and moderate to low physical activity. Our findings indicate that there were slightly more overweight men (43.2%) than women (36.4%), but almost half as many obese women than men (33.7 and 17.0%). Obesity prevalence in this rural sample is similar to those reported in several member states of the European Union (range, 8-40%; mean, 32%) 32 and the United States (27%).
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It is also comparable to observations of the same age group in a study performed at the national level in Lebanon in b Non-standardized coefficient; multivariate analysis: adjustments were made for age, education level, income, smoking, sedentary occupation and physical activity.
c Bold lettering highlights significant differences (Po0.05). For food groups included in the positive scores, a high score reflected a high consumption. Inversely, for food groups included in the negative scores, a higher score was attributed to a lower frequency of intake. 35 High prevalence of obesity in women has also been reported in Tunisia, 36 Egypt, 37 Jordan 38 and Saudi Arabia. 39 The common underlying factors of this exceptionally high prevalence of obese women in our sample and in the Southern/Eastern countries of the Mediterranean region is not well understood and might warrant further investigation in the areas of occupation, energy expenditure and social acceptability of large body shapes, especially as it relates to rural women. Given the well-known association between obesity and development of type 2 diabetes and cardiovascular diseases as well as total mortality, 40 such a high prevalence of adiposity represents a burden likely to challenge public health in these countries in the coming decades.
Mediterranean diet and adiposity
The contribution of changes in lifestyle and especially dietary patterns in the development of obesity has been widely studied and discussed. 40 Rather than evaluating single nutrients, whose specific role in adiposity development is controversial, investigating impacts of global dietary patterns could be very informative and relevant. 23, 41 This study's rural sample exhibited a dietary pattern with frequent intakes of vegetables, fruit, dairy products, refined cereals, liquid sweets, fats and oils, whereas other foods were much less frequently consumed (that is, wholemeal cereals, legumes, olive oil, fish, red meat and poultry). This may be the result of the sample's specific location and traits (that is, to fish and sea foods not readily available and expensive in rural areas relatively remote from the coast, and to expensive olive oil), but also the result of the recent increase in intakes of fat, sweets and dairy products observed in the Lebanese youth and adult population 42 as well as in other Southern
Mediterranean countries. 4, 43 This change is likely to lead to higher intakes of saturated fats and refined carbohydrates and sugars, and a lower intake of fiber possibly explaining the increased adiposity. 40 Hence, the recent shift from a traditional Mediterranean diet to a more westernized diet could explain, along with increased sedentary occupations, the observed trends in obesity and related metabolic disorders reported in this region, 43 and specifically in the study sample.
In this context, we specifically addressed the question of the possible association between adherence to a traditional Mediterranean diet and adiposity markers such as BMI and WC. For this purpose we chose the widely used MDS. 24 We also elaborated different scores based on previous studies in this field 31 and some specific traits of the study sample.
In this study, the MDS was negatively associated with WC only in multivariate analysis in men and women separately (Table 3) . This is in line with previous findings in Europe where MDS was associated with WC in one study, 3 but not consistently with BMI. 3, 10, 12 We obtained comparable data with partial positive MDS, but this association was not found with the negative MDS. This indicates that MDS with reference to its negative components, as used, was not fully adapted to this sample. Indeed, due to religious prohibitions, the alcohol component (1 over 9 in the original MDS) had been removed from the original MDS. This may have weakened the power of MDS. 24, 25 In addition, in this largely poor population, the intake of poultry and red meat was low (about 0.5 occasion/day) and the intake of dairy was moderate (2.7 occasions/day), suggesting that these items are not to be considered as negative like they would be in affluent western countries where their intakes are high. Finally, the sizeable intake of refined cereals (and pastries) in this sample suggests that it should not necessarily be considered as a positive item. This prompted us to develop alternative scores by using a partial positive MED score containing only wholemeal cereals in the cereal and grain group, and by creating a partial negative MED score well adapted to the sample and to the traditional Mediterranean diet. 5 This negative MED score was made up of the highly consumed refined cereals (and pastries) and liquid sweets only. Pooling these two partial scores provided a composite MED score. We found that the composite MED score was significantly and negatively associated with BMI and WC in men and women, after adjusting for confounding variables in a multivariate linear regression analysis (Table 3 ). This was also consistently observed with the partial negative MED score and to a lesser extent the positive MED score, illustrating the relevance of the alterations made to raise these partial scores. This fits well with the traditional Mediterranean diet pattern 5 and the acknowledged beneficial effect of fiber-rich foods, [44] [45] [46] as well as the detrimental influence of sugar-sweetened beverages 47, 48 on anthropometric measures. Although a general trend for a negative relationship between adherence to the Mediterranean diet and obesity has been reported in a literature review, 9 results were inconsistent. Such inconsistency was particularly found in some Mediterranean countries from Southern Europe, such as Greece and Spain. 3, [10] [11] [12] [13] Our findings suggest that the type of negative components included in the scores may help explain these controversies. In particular, in this study, no relationships were found with BMI when using the MDS derived from literature. 24 Indeed, the consumption of items such as red meat and dairy, generally considered as negative markers of the Mediterranean diet, may reflect very different socio-cultural and socio-economic backgrounds depending on the country. In fact, because they are consumed in small or moderate quantities in our poor, rural and older sample, the consumption of these luxury items may be a marker of wealth rather than a marker of unhealthy eating. Consistent with findings in developing countries in transition, 49 including Lebanon, 17 it is noteworthy that some socioeconomic variables (education level in women and income in men) were negatively associated with adiposity in women and positively associated in men, in the study. In this case, Some limitations of this study are important to mention. First, this study has a cross-sectional design with an inherent potential bias due to the possible inconsistency between the recorded food consumption and past food consumption likely related to the measured adiposity markers. Second, the cut-off points used for BMI and WC were the ones applicable to the American/European population 29 and thus may not be fully adapted to the sample under study. Some research has suggested that lower cut-off points should be used for ethnic Arabs, suggesting that the high rates observed in this sample would get even higher. 50 Third, the FFQ used was only qualitative and therefore hampered the possibility of calculating the MDS as originally elaborated. 24, 41 Moreover, only individual food items were included in the FFQ and not composite dishes. This may have led to under-reporting of some foods (that is, whole wheat, fats and vegetable oils) that are consumed as part of composite dishes. 51 The FFQ was administered during the summer season and this could have favored reporting the frequency of intake of some food items over others, although seasonality was not expected to modify the distribution of FDC. Finally, the sample size is limited and can thus limit the statistical power.
In conclusion, the results obtained in a population typical of a Mediterranean developing country are generally consistent with the ones from other studies performed in industrialized countries and thus support the idea that adherence to a Mediterranean-type diet is associated with reduced obesity and abdominal adiposity.
